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Over many decades behavioural
studies of the foraging behaviour
and navigation of honeybees have
uncovered an abundance of
sophisticated behavioural
mechanisms [1], and happily there
are still illuminating phenomena to
be explored. Bee behaviour
seems so complex and
sophisticated that the temptation
exists to employ concepts of
cognitive psychology when
describing it. A possible danger of
using such metaphors is that they
may seduce us away from
analysing whether there might be
explanations that are more
appropriate to the life style and
neural mechanisms of bees.
One research area that
illustrates this complexity is
learning and memory as it relates
to navigation and foraging [2,3].
Individual honeybees can learn
several routes taking them from
their nest to different foraging
areas. The routes may be
separate or partly overlapping. In
order to follow these routes, bees
recall sequences of memories and
employ a variety of cues to ensure
that the appropriate memory is
primed when needed. The time of
day can both determine which
route a bee takes and which
visual or olfactory stimulus it
chooses at its destination [4,5].
The surrounding spatial panorama
can trigger the recall of memories
of local features [6]. Such spatial
contextual cues allow desert ants
[7] or hunting wasps [8] that have
been displaced to part way along
a route to recognise their location
on the route and to rejoin it. A
recent focus has been on
‘sequential priming’, the ability of
one signpost along a route to
prime the memory of the next
signpost to be followed.
Shaowu Zhang and his
collaborators [9–11] have been
analysing sequential priming in
small-scale Y mazes, in which
bees are taught two routes, each
comprising a sequence of two
visual stimuli. At the entrance to
the Y maze, the bee sees an
indicator or sample stimulus,
such as a prominent patch of blue
or green. The colour of this
indicator stimulus tells the bee
which comparison stimulus
should later be approached at the
choice point. For example, if the
bee sees a green indicator, it
should approach the arm of the Y
that displays a pattern of
horizontal black and white
stripes, but should avoid the arm
with a pattern of vertical black
and white stripes. On the other
hand, if the indicator colour is
blue, the bee should approach
the vertical stripes and avoid the
horizontal ones. The bee’s correct
choice of stimulus in the Y after
seeing one or other indicator
colour shows that it has acquired
two sequences of stimuli,
symbolised for brevity as A–B and
X–Y, and that seeing A primes a
memory for B, and seeing X
primes a memory for Y.
Giurfa et al. [10] also taught
bees to perform what is called a
‘delayed matching to sample’
task, in which seeing blue as the
sample colour tells the bee that it
must later choose blue over green
in the Y maze, and seeing green
tells the bee to choose green in
preference to blue. Here the two
sequences are A–A and X–X.
Lastly, bees can perform the
opposite task, delayed non-
matching to sample, where they
learn that blue should be followed
by green and that green should be
followed by blue: A–X and X–A.
Zhang et al. have now [11]
examined how long after seeing A
or X the priming signal persists
and influences the bees’
subsequent choice.
To discover how great a
distance or delay can be imposed
between a bee seeing a sample
pattern and choosing the arm of
the Y that carries the same
pattern, Zhang et al. [11] used an
experimental set-up in which the
bees flew slowly through a narrow
channel, where they saw a sample
pattern fixed to a baffle (Figure 1).
The sample patterns of the two
routes were diagonal blue and
white stripes, oriented in one case
at 45° clockwise from the vertical
and in the other at 45°
anticlockwise. The channel
opened into a decision chamber
containing both patterns of
stripes. Bees could reach a
sucrose reward by approaching
the stripes that matched the
sample that they had viewed
previously in the channel.
Bees were trained with the
sample in the channel always
placed at 25 cm from the decision
chamber. In tests, the delay
between seeing the sample
pattern and choosing the
comparison pattern was
increased by shifting the sample
along the channel away from the
decision chamber. As bees tend
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Invertebrate Memory: Honeybees
with a Sense of Déjà Vu
Recent studies of visual sequence learning in honeybees have
investigated the bees’ ability to perform delayed-matching-to-sample
and their short-term memory during such tasks. The insect’s
successful performance raises questions about the underlying
mechanisms.
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to fly down the tunnel at a uniform
speed, the distance flown is well
correlated with the temporal delay
(Figure 1). It took bees about
1.25 seconds to fly through 25 cm,
after which they chose correctly
on about 75% of trials. When the
distance of the sample from the
decision chamber was increased
to about 4.75 m, equivalent to just
over 8.5 seconds flight time,
performance decayed to chance
(Figure 1). The priming signal from
the sample was effective in
determining the bees’ choices for
delays of at least 5 seconds.
Stimuli relevant to a task are not
always laid-out as conspicuously
as they are in the channel, and
bees may have to pick out a
reliable indicator of the next
signpost in the presence of other
distracting or confusing stimuli. In
their next experiment, Zhang et al.
[11] explored, with intriguing
results, the bee’s ability to select a
reliable sample. Bees learnt the
same delayed matching to sample
task. Throughout training, they
encountered a single sample
pattern at 120 cm from the
decision point, after which they
chose the correct comparison
pattern on about 65% of trials. In
tests, the other sample pattern was
also present. On some test trials
this irrelevant sample pattern was
at 50 cm from the decision point
and in other tests it was at 170 cm. 
The bees became so focussed
on seeing the sample at the fixed
120 cm training distance that their
performance was not at all
degraded by the additional
presence of a distracting sample.
Indeed, when they were given one
sample at 50 cm and the other at
170 cm, they did not as one might
have guessed use the sample with
the shortest delay, closest to the
decision point, to determine their
choice of comparison pattern, but
chose randomly. Their behaviour
was strongly controlled by a
sample pattern only when it was
in its expected position.
It is not clear how the relevant
sample was recognised. The bees
might have learnt the distance or
time interval between entering the
channel and seeing the sample,
so that signals from a sample
seen at that point in their flight
were strongest. Another perhaps
more likely possibility, also
mentioned by Zhang et al. [11], is
that bees learnt the spatial
context of the sample using
external visual landmarks seen
from within the channel. In this
case, the strongest signal would
be generated by a sample placed
in its accustomed context.
The possibility that bees linked
the sample to a spatial context
makes it somewhat uncertain
what process, in the first
experiment, caused the steep
decline in the proportion of
correct choices, as the distance of
the sample from its training
position was increased (Figure 1).
The decline could have resulted
from the increasing time interval
between seeing the sample
pattern and choosing the
comparison pattern. But it might
also have arisen from an
increasingly unfamiliar context as
the sample pattern is moved away
from the training site.
An interesting feature of the
bees’ performance on the delayed
matching to sample task in this
and earlier studies [10,11] is that
once bees are well trained on the
sequences A–A and X–X, they will
generalise to quite new sequences
of stimuli, such as, B–B and Y–Y.
Thus, on first encountering the
novel sample B in the channel,
they will choose correctly B over Y
in the decision chamber. These
results provoke the question raised
at the start: is delayed matching to
sample best described in terms of
‘concepts and rules’, as one might
do for primates, or might less
‘cognitive’ descriptions suffice.
One possibly testable
suggestion is that bees in this
situation are co-opting a
‘win–stay’ strategy. Bees foraging
within a patch of meadow with
intermingled flower species tend
for a few seconds after visiting
one flower to be preferentially
attracted by other flowers of the
same colour [12,13], while
ignoring potentially rewarding
flowers of different colours. They
tend to switch colours when the
time spent at a flower is unusually
short, indicating that the flower
yields little reward, and to switch
less than usual when handling
times are unusually long [13].
Suppose that after training to the
Figure 1. Sequential
priming in a delayed
matching to sample task. 
Top: layout of apparatus. A
bee flies through a channel,
encountering first a sample
fixed to a baffle and some
seconds later the compari-
son patterns. Middle: means
(±SE) of the time that the bee
takes to fly through different
lengths of tunnel. Bottom:
proportion of correct
choices drops with the delay
between encountering the
sample pattern and reaching
the comparison patterns.
(Data from [11].)
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The organelles in a eukaryotic cell
are linked by a constant flow of
vesicles, budding off from one
organelle and fusing with another
[1]. If unregulated, this traffic
would randomise the contents of
the organellar membranes. To
prevent this happening, the cell
has mechanisms for selecting
which molecules of lipid and
protein are allowed to enter the
budding vesicles. The process of
vesicle budding is known to
involve a complex set of protein
interactions, but is an important
role also played by the lipid
component of the membrane? An
elegant new study by Roux et al.
[2] has shown that lipids can be
sorted into vesicles in the
absence of any membrane
proteins, suggesting that lipids
are active partners in the vesicle
budding process.
The starting point for these
studies was a previous paper [3]
which showed how membrane
tubes can be pulled from giant lipid
vesicles. It has long been known
that membrane tubes of 60–80 nm
diameter extend out of the Golgi
complex, formation of the tubes
probably involving an interaction
between the membrane and the
cytoskeleton. In their earlier paper,
Roux et al. [3] showed that kinesin
could be used as a motor to pull
similar tubes from giant — up to
50 µm diameter — lipid vesicles. A
small amount of biotin-labelled
lipid in the giant vesicles was
linked to biotin-labelled kinesin by
polystyrene beads coated with
streptavidin (Figure 1). In the
presence of a glass plate coated
with microtubules, membrane
tubes were formed when ATP was
added and the kinesin motors
moved along the microtubules.
Satisfyingly, the tubes had a
diameter of about 40 nm,
comparable to the diameter of a
Golgi tubule.
In their latest paper Roux et al.
[2] found that, when specific
sequences A–A and X–X in the Y
maze, both the sample and the
context in which it is placed
acquire reinforcing properties,
and further that a novel sample
placed in that context also
becomes temporarily reinforcing.
The win–stay mechanism will then
mean that the same familiar or
novel stimulus seen a few
seconds later in the decision
chamber looks more attractive
than the other stimulus and so is
chosen more often.
The argument is perhaps
reversible for generalisation with
non-matching to sample. In this
case, the comparison pattern that
matches the sample pattern is
aversive. The aversion propagates
back to the sample pattern,
making the sample and the
context in which it is placed also
slightly aversive. Consequently,
the bees’ subsequent choice of
comparison pattern becomes
biased away from the sample.
From this perspective, it seems
worth testing whether bees might
perform delayed matching to
sample without any explicit
training on that task. Suppose that
an indicator stimulus and its
context both acquire reinforcing
properties when bees are trained
in a Y maze with two sequences,
each containing different items,
such as A–B and X–Y. Will a bee,
having learnt A–B and X–Y, then
generalise without further training
to the sequences A–A and X–X?
When in tests B and Y are
replaced by A and X, will bees on
seeing A as the sample choose A
over X in the maze? And might
they also perform correctly when
they encounter novel sequences
(C–C and Z–Z)?
Rich, empirical knowledge of
complex bee behaviour is
accumulating apace and it is
becoming ever more interesting to
search for the essential
differences and similarities
between the behaviour of bees
and of bigger brained vertebrates.
Over time it should become
clearer in what conceptual
framework the discoveries on
bees are best placed, and when it
helps to use the language of
cognitive psychology.
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Lipid Sorting: Lipids Do It on Their
Own
How are lipid molecules sorted between organelles in eukaryotic cells?
A recent paper shows that the work needed to bend a membrane and
form a vesicle is sufficient to sort lipid molecules.
